The aim of this study is to analyze the level of target molecule expression in metastatic renal cell carcinoma (RCC) to determine whether there is a correlation between molecular marker expression and clinical response. Ten patients with metastatic RCC, who received receptor tyrosine kinase (RTK) targeted therapy after cytoreductive or radical nephrectomy, were included. The expression of target molecules relating to the RTK, mammalian target of rapamycin, hypoxia inducible factor, mitogen activated protein kinase, and adenosine monophosphate-activated protein kinase pathways were analyzed using real-time polymerase chain reaction and immunohistochemistry. We correlated the level of target molecule expression with clinical response, including efficacy and adverse events experience during RTK targeted therapy. All patients showed similar histological subtype and grade on pathological examination; however, the expression of RCC target molecules was very different among the patients. The expression of molecules related to the RTK pathway in RCC tissue as well as relative expression of molecules in RCC tissue compared to normal kidney tissue, were higher in patients who showed a good response to RTK targeted therapy compared to those that showed a poor response. Target molecule expression in normal kidney tissue was higher in patients who experienced high-grade adverse events than in patients who experienced low-grade events. Target molecule expression in metastatic RCC correlates with targeted therapy clinical response including efficacy and adverse events. Personalized target molecule expression profiles could be used to predict clinical response to different targeted therapies, thus helping optimization of targeted therapies for patients with metastatic RCC.
INTRODUCTION
A thorough understanding of the molecular biology of renal cell carcinoma (RCC) has led to the development of novel targeted therapies for the disease. These targeted therapies have revolutionized the treatment of metastatic RCC, improving progression-free and overall patient survival. However, these novel therapies have also brought about new challenges in the management of toxicity [1] [2] [3] . In recent years, several targeted therapies have become available for the first-and second-line use in metastatic RCC (Fig. 1 ). Despite having a clear scientific rationale and promising preclinical results, clinical trials of these therapies have revealed limited benefits [4] . As such, their specific advantage as presurgical or postsurgical systemic therapy remains unclear.
While tumor cell type is predictive of the overall prognosis for patients with RCC, there remains great heterogeneity in clinical outcome, even for tumors of the same histological classification and stage [5] . The selection of optimal therapies based on biomarkers may enhance clinical outcomes, and delay the emergence of resistance [6] . However, at present, drugs continue to be prescribed according to the RCC histological subtype, without consideration of interpersonal genetic variation. In the future, it is likely that the molecular characteristics of tumors will be increasingly used to predict clinical response and adJun Nyung Lee verse events related to targeted therapies. In order to increase drug efficacy and minimize adverse responses to targeted therapy, the expression of target molecules in individual patients should be investigated. Several studies have attempted to identify predictive molecular factors in RCC, and suggest that further efforts in this direction may bring success [7] [8] [9] [10] . Ultimately, the use of genetic profiles to identify cancers at risk of progression or serious morbidity under targeted therapy, may allow us to personalize and optimize treatment.
We hypothesized that the levels of target molecule expression in metastatic RCC would correlate with a patient's clinical response to targeted therapy. In this study, we analyzed the expression of target molecules in metastatic RCC, and examined the correlation between molecular marker expression and clinical manifestation.
MATERIALS AND METHODS

Patients and samples
This study was approved by the Ethics Committee of Kyungpook National University School of Medicine. Between January 2010 and December 2012, ten patients with metastatic RCC (synchronous; 8 patients and metachronous; 2 patients), which was pathologically confirmed after cytoreductive or radical nephrectomy, were enrolled. All patients initially received a standard schedule and dosage of targeted therapy after nephrectomy. The targeted therapy dose was modified on the basis of adverse events, in accordance with the manufacturer's recommendations. The patient clinicopathologic characteristics including prognostic model using Heng criteria [11] are shown in Table 1 . There were eight patients of pathological stage T3 or higher, and two patients of T1b and T2b. There were eight male Figure 1 . Diagram of pathways related to renal cell carcinoma (RCC) development, including key target molecules for each pathway, and developed (or developing) inhibitors for these target molecules. RCC signaling is divided into five pathways: receptor tyrosine kinase (RTK), mamalian target of rapamycine (mTOR), mitogen-activated protein kinase (MAPK), hypoxia-inducible factor (HIF), and AMP-activated protein kinase (AMPK). These pathways are closely related to each other and several proteins participate in more than one pathway.
and two female patients, all with histologically proven highgrade clear cell RCC. One of the patients presented with a mixed type tumor composed of clear cell and chromophobe RCC. There were eight patients with synchronous metastasis and two patients with metachronous metastasis, for whom lung metastasis was observed at 12 and 6 months. The most common site of metastasis was the lung. The RCC and normal kidney tissue samples were obtained for each patient, from the Department of Urology, Kyungpook National University Medical Center, after cytoreductive or radical nephrectomy. Samples were analyzed using histology and standard molecular biology techniques. RCC tissue was obtained the fresh tissue rather than others and was mostly located in the periphery of the tumor. Normal kidney tissue was excised from the part of the specimen that was furthest from the cancer tissue.
Quantitative real-time polymerase chain reaction
Total RNA was extracted from approximately 50 mg of tissue sample using the RNeasy Kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. A total 2 µg of RNA was used for complementary DNA (cDNA) synthesis using the cDNA Reverse Transcription Kit (Applied Biosystems, Paisley, UK). Polymerase chain reaction (PCR) primers were designed using Primer Express Software (Applied Biosystems, Paisley, UK); primer sequences are listed in Table 2 . PCR reactions were performed using an ABI Prism Sequence Detection System 7500 and SYBR Green PCR Master Mix (Applied Biosystems, Paisley, UK). For data analysis, the 2 -ΔΔCt method of relative quantification was used to estimate copy number. All samples were determined in duplicate. Negative controls that lacked cDNA were performed for each reaction. All expression data was normalized to beta-actin.
Immunohistochemical analysis
Immunohistochemical (IHC) analysis was performed in RCC and normal kidney tissue to verify the expression of proteins corresponding to each gene analyzed by PCR. A series of 5-μm sections from selected paraffin-embedded tissues were dewaxed and rehydrated. After blocking endogenous peroxidase and non-specific reactivity, the slides were incubated with various primary antibodies at 4°C overnight. After the primary antibody reaction, the slides were incubated with secondary antibody for 30 min prior to application of Vectastain ® Elite ABC Reagent (Vector Laboratories, Burlingame, CA, USA) for a further 30 min. Liquid diaminobenzidine (DAB; Dako, Glostrup, Denmark) was used as a chromogenic agent for 5 min and sections were counterstained with Mayer's hematoxylin. For each antibody, a control reaction to normal kidney tissue was performed for each patient.
Outcomes of assessment
The messenger RNA expression of target molecules related to the receptor tyrosine kinase (RTK), mammalian target of rapamycin (mTOR), hypoxia inducible factor (HIF), mitogen activated protein kinase (MAPK), and 5' adenosine monophosphate-activated protein kinase (AMPK) pathways were analyzed in RCC and normal kidney tissue using real-time PCR analysis. We used IHC analysis to confirm the protein expression of VEGFR1, VEGFR2, VEGFR3, PDGFRα, and PDGFRβ. Based on their clinical response to RTK targeted therapy after six months of treatment, we divided the patients into good and poor response groups, and analyzed differences in target molecule expression between the two groups. We also performed analyses based on the severity of adverse events experienced during RTK targeted therapy and target gene expression in normal kidney tissue. Patients who received mTOR inhibitors as sec- ond-line targeted therapy were analyzed using similar methods.
RESULTS
Eight patients (cases 1, 2, 4, 5, 6, 8, 9, and 10) who had synchronous metastasis underwent cytoreductive nephrectomy as initial management. After surgery, they received the RTK inhibitor sunitinib. Two patients (cases 3 and 7) developed metachronous metastasis at 12 months and 6 months after radical nephrectomy. After confirming metastasis, these patients also received RTK targeted therapy using pazopanib and sunitinib, respectively. In point six months after the administration of targeted agents, a partial response was observed in four patients (cases 1, 3, 4, and 5) and stable disease was identified in one case (case 2), as determined using Response Evaluation Criteria in Solid Tumors. The remaining five patients showed progressive disease on follow-up study within 6 months. These patients were all subsequently administered the mTOR inhibitor everolimus as a second-line targeted therapy, however, disease progression continued in all five patients. In comparison with Heng model [11] , the good response group after targeted therapy was composed of three favorable-risk patients and two intermediaterisk patients. In addition, the poor response group after targeted therapy was composed of one favorable-risk patient, two intermediate-risk patients, and two poor-risk patients. Adverse events to the first-line targeted therapy occurred in eight patients. Severe adverse events (≥grade 3) were observed in three patients (Table 3) .
H&E staining was performed in order to observe the RCC and normal kidney tissue morphology. Target molecule gene expression was evaluated using real-time PCR. Although the majority of patients showed a similar histological subtype and grade in the pathological examinations, the expression of RTK pathway-related target molecules was highly variable in both the RCC and normal kidney tissue (Fig. 2) . Differences in the expression of target molecules related to the mTOR, MAPK, HIF, and AMPK pathways were also observed between the RCC and normal kidney tissue of individual patients (Fig. 3) . IHC was performed to confirm gene expression data using antibodies against VEGFR1, VEGFR2, VEGFR3, PDGFRα, and PDGFRβ. The results obtained by IHC were similar to those obtained using real-time PCR. Representative images of tissue morphology staining are shown in Figure 4 .
In the patients who showed a good response after first-line RTK targeted therapy, the average mRNA expression of the RTK pathway molecular targets (VEGFR1, VEGFR2, VEGFR3, PDGFRα, PDGFRβ, FLT3, KIT, and RET) in RCC tissue appeared higher than that in patients who showed a poor response (Fig. 5A) . Using the Mann-Whitney test, the expression levels Gene Sequence
HIF pathway
5'-AAGCCATGCCAATCTCATCTTG-3' RTK: receptor tyrosine kinase, mTOR: mammalian target of rapamycin, MAPK: mitogen activated protein kinase, HIF: hypoxia inducible factor, AMPK: adenosine monophosphate-activated protein kinase of VEGFR3, FLT3, and RET were shown to be significantly different between good response group and poor response group. The mean ratio of gene expression in RCC tissue proportional to normal kidney tissue was higher in the patients that showed a good response compared to those that showed a poor response (Fig. 5B) . The relative values of VEGFR3 and FLT3 expression in RCC tissue compare to those in normal kidney tissue were significantly different depending on the clinical response. In four of five patients (cases 1, 2, 3, 4, but not 5) who showed a good response to first-line RTK targeted therapy, the expression of most of the RTK pathway target molecules was higher in RCC tissue than in the normal kidney tissue, unlike the poor response group (Fig. 2) . In three patients (cases 6, 7, and 10) of the poor response group, most of target molecule expression in normal kidney tissue was higher than that in RCC tissue. In the remaining two patients (cases 8 and 9) of the poor response group, there was a mixed pattern of target molecule expression in RCC and normal tissue (Fig. 2) . All of the patients who showed a poor response to RTK targeted therapy received second-line targeted therapy using an mTOR inhibitor. However, all of the patients showed a poor clinical response to the mTOR inhibitor (Table 3) . Using real-time PCR analysis it was shown that all of these patients had a lower expression of the target molecule (mTOR) in RCC tissue than that in normal kidney tissue (Fig.  6 ). The expression of VEGFR1, VEGFR2, VEGFR3, PDGFRA, and PDGFRB in normal kidney tissue was significantly different between patients who experienced low-grade (≤grade 2) and high-grade (≥grade 3) adverse events (Fig. 5C ).
DISCUSSION
RCC is categorized according to cell morphology, grade, and stage, and a patient' s prognosis is different depending upon these classifications. Localized RCC is best treated by surgical resection; however, systemic treatment is necessary for metastatic cases. Immunotherapy, chemotherapy, and combined immunechemotherapy have been used for systemic treatment of advanced RCC, but these treatments are associated with significant cytotoxicity, nonspecific behavior, and a low response rate [12] .
Completion of the human genome project and technological advances has helped to identify pivotal molecules within cer- tain RCC patient populations, and therapy specifically aimed at these molecules has demonstrated a robust clinical efficacy. The drugs currently approved as targeted agents for the treatment of RCC can be divided into two main classes depending on whether they target the RTK or mTOR pathway [13] . The most well-defined targets are the RTK growth factor signaling pathways, including their ligands and downstream cytosolic kinases. Clinical trials have demonstrated the feasibility and safety of inhibiting RTKs [14] . Current RCC targeted therapies include RTK inhibitors such as sorafenib, sunitinib, and pazopanib 
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and mTOR inhibitors such as temsirolimus and everolimus [15] . Furthermore, recent advances have identified the MAPK, HIF, and AMPK pathways as potential therapeutic targets. Hypoxia, resulting from tumor growth beyond a critical size, has been found to regulate a complex cascade of genes, including the proangiogenic growth factors vascular epithelial growth factor (VEGF) and PDGF [16] . VEGF and its receptors play a pivotal role in physiologic and pathologic angiogenesis, which is essential for tumor progression and the development of metastasis [17] . Generally, RCCs are characterized as having abundant blood vessels, with extensive hemorrhage, necrosis, and tumor thrombi associated with angiogenic activity [18] . VEGF is a potent promoter of tumor angiogenesis, with VEGF mRNA and protein levels higher in RCC than in normal kidney cortex [19, 20] . PDGF is a growth factor extensively involved in multi-dimensional cellular dynamics and in tumorigenesis [21] . Recent study identified that the cytoplasmic expression of VEGF, VEGFR, PDGF-B, and PDGFR-β in tumor cells was dependent on the pathologic stage and cellular type of RCC [22] . Molecules directed against VEGF/PDGF protein and VEGF/ PDGF receptor signaling are available for RCC treatment.
Although clinical trials of targeted therapies have demonstrated improved outcomes, the degree of response to targeted therapies varies considerably between patients. In addition, targeted therapies have been associated with various toxicities, including fatal adverse events [23, 24] . It is therefore important to select patients with metastatic RCC, who would be expected to benefit from targeted agents, before the administration of these agents. This would help to avoid unnecessary treatment and spare metastatic RCC patients from toxic effects of targeted therapy if they are unlikely to show a good response. In the era of molecularly targeted therapies, it is important to identify reliable predictors of efficacy and adverse events in order to provide the optimal treatment for individual patients with metastatic RCC. At present, conventional clinical practice provides treatment based on tumor histology (grade and TNM stages). However, this does not give sufficient information to enable optimized treatment for individual patients [25] . The identification of biomarkers of efficacy and safety is necessary to select the appropriate treatment for patients and to improve their [26] . Molecules related to the biology of RCC have been investigated as potential biomarkers for predicting therapeutic efficacy. In this study, we analyzed the correlation between the expression of target molecules in RCC and normal kidney tissue with clinical outcomes, including drug efficacy and adverse events, in order to examine the potential for personalized therapy based on these molecular markers. Although our study was conducted in a small number of patients, the expression of some molecules related to the RTK pathway was significantly different depending on the drug efficacy and adverse events to the targeted therapy. Prospective studies in larger patient populations with long-term follow-up will improve our understanding of the molecules related to the RTK pathway. In these regards, our results in the present study suggest an excellent example for the many researchers engaged in a personalized therapy in mRCC.
Recently, the variability in patients' responses to tumor therapeutic agents has been recognized. Molecular investigations have demonstrated that this variability is a result of differential target gene expression [27] . Therefore, clinicians have now begun to appreciate the concept of "personalized" therapy, which aims to improve therapeutic efficacy, reduce side effects, and increase patient survival rates [27, 28] . In this study, we compared the expression of several target molecules related to the RTK pathway in RCC tissue and normal kidney tissue. Although patients showed similar histological subtype and grade in pathological examinations, the gene expression of the target molecules varied widely between individuals. This suggests that use of the same targeted agent for all patients will be ineffective because of RCC heterogeneity.
Several molecular markers have been assessed for their use as prognostic predictors in patients with RCC who are treated with RTK-pathway inhibitors [8, 9, 29, 30] . In recent studies, the expression of angiogenesis related molecular markers, such as vascular epithelial growth factor (VEGF), VEGFR, and PDG-FR, in tumor specimens has been assessed. These studies found that the expression of RTK pathway-related factors, such as VEG-FA, VEGFR, VEGFR3, PDGFRα, and PDGFRβ, were prognostic indicators for clinical response and progression free survival [7, 9, 10, 31] . However, the value of molecules in the RTK pathway as prognostic biomarkers for RCC patients treated with targeted therapy remains controversial because RTK is act as multi-kinase inhibitors. In our study, the expression of RTK pathway-related molecules in RCC and normal kidney tissue generally appeared higher in patients that showed a good response to RTK-targeted therapy compared to those that showed a poor response. Although statistical significance was only observed for some of the target molecules, we found that the global expression of molecules involved in the RTK pathway showed a similar pattern for each individual (Fig. 2) . It is possible that the indications of targeted therapy efficacy can be gained from either patterns of target molecule expression in tumor tissue, in tumor tissue relative to normal kidney tissue, or in the absolute expression level of specific molecule efficacy.
Furthermore, the target molecular expression profile may predict the safety of targeted therapy as well as clinical efficacy. In our current study, severe adverse events (≥grade 3) were developed in three out of 10 patients, and we observed the expression of some molecules related to the RTK pathway in normal kidney tissue was significantly different according to the severity of adverse events. Although our study was conducted in a small number of patients, it has shown a correlation between VEGFR and PDGFR expression in normal kidney tissue and severe adverse events (≥grade 3). This suggests that target molecule expression profiles serve as a biomarker to predict the severity of adverse events, and aid in the development of personalized therapy.
We believe that the gene expression pattern of molecules related to RTK pathways in RCC and normal kidney tissue could contribute to the realization of personalized targeted therapy. It is important to recognize that there is a relationship between target gene expression and drug sensitivity, in addition to interpersonal variations in the expression level. Therefore, increased targeted therapy efficacy and safety could be achieved by analysis of clinical specimens for mRNA expression before prescribing medication. Our results could have important implications for the selection of individual targeted therapies for patients, particularly if it is found that different molecular expression profiles confer sensitivity to a specific drug, even if that drug acts on the same pathway as another drug. All patients who showed a poor response after first-line RTK targeted therapy received the mTOR inhibitor everolimus as a second-line targeted therapy; however, their response to this drug was also poor. Using real-time PCR, we were able to show that the expression of mTOR in RCC tissue was significantly lower than that in the corresponding normal kidney tissue. This second-line treatment result reconfirmed the importance of personalized drug selection based on variation in target molecule expression.
On the basis of our initial findings, we proceeded to investigate whether there were other valid prognostic pathways in patients who showed a poor response to the first-line targeted therapy. Target molecule expression in the mTOR, MAPK, HIF, and AMPK pathways were analyzed. We identified PIK3 in the mTOR pathway (cases 6 and 10), HIF1A and CAIX in the HIF pathway (cases 6, 7, 8 and 9), and FINK and PDK4 in the AMPK pathway (cases 6 and 9) as potential therapeutic target molecules (Fig. 4) . This suggests that RCC is not equally ame-nable to treatment strategies targeting the RTK and mTOR pathways. With this in mind, physicians should consider which is the most efficacious and safe pathway to target in metastatic RCC based on an individual's gene expression patterns. Similarly, gene expression profiling could be used to identify the most effective treatment for metastatic RCC since many studies have identified new target molecules in RCC [32] [33] [34] [35] [36] , and a variety of targeted agents have being developed to suppress these [37] [38] [39] [40] .
Currently, the mainstream of management for RCC is composed of primary lesion resection and adjuvant target therapy. Resection of diseased kidney can result in renal insufficiency that regeneration is needed because the kidney is far beyond the potential of self-healing. Therefore, regeneration of the kidney is one of the most demanding procedures in nephrologic/ urologic area, especially in the patients with kidney cancer. A major concern of regenerative therapies during cancer remission/repression is the possibility of cancer recurrence. Our study analyzes the level of target molecules expression according to the each pathway using real-time PCR and immunohistochemistry, and the results approve these genes' effectiveness and safety for personalized target therapy. Especially, target molecule profile can provide the information about the molecular expression of cancer cells and microenvironment under reproducible conditions, as well as the meaning of the tumor suppression.
Several limitations of our study should be considered. This was a nonrandomized retrospective study that included only ten patients, treated at a single institution and with a short followup period. Furthermore, there was selection bias regarding the inclusion criteria, such as the presence of a resectable tumor and the patient's race. In addition, the expression of molecules was evaluated in RCC specimens after radical nephrectomy. Unfortunately, considering the situation at our clinical fields, it is not easy to acquire the sufficient tumor and donor matched normal kidney tissues in RCC patients who have not undergone the neo-adjuvant targeted therapy. In order to overcome these limitations, it would be necessary to perform a prospective study using target molecule expression profiles in a larger number of metastatic RCC patients treated with different targeted therapies. Nevertheless, this study has identified that quantification of target molecule expression in tumor and normal tissue could be used to predict a patient's clinical response to targeted therapy. Previous studies have used IHC analysis to quantify a predictive biomarker; however, this approach is subject to inter-observer variability and cannot be performed for all molecular markers. In addition, in the not too distant future, if the gene expression profile of the targeted molecule can be measured in the blood, urine, or a small amount of tissue sample using needle biopsy, personalized medicine before neoadjuvant targeted therapy also should be available because it can predict the efficacy and safety.
In this study, we found a correlation between target molecule expression and clinical outcomes, including efficacy and safety, in metastatic RCC patients who received targeted therapy. Based on target gene expression patterns, we identified other valuable pathways for therapeutic targeting in patients who showed a poor response to RTK and mTOR inhibitors. Prediction of efficacious and safe therapeutic options, according to targeted gene expression profiles, could prevent serious adverse events and the burden of unnecessary treatment regimens for metastatic RCC patients. The analysis of interpersonal variability in molecular expression profiles could help to optimize therapy and increase targeted therapy efficacy and safety.
